Abstract: Generally, natural environments have been transformed into small forest remnants, with the consequent habitat loss and species extinction. The North Paraná State is not an exception, since only 2 to 4% of the original ecosystem occurs in small fragments of Stational Semidecidual Forest. We studied the species richness and abundance of bats in two forest fragments from the Fazenda Congonhas, in Rancho Alegre city, Paraná State, Brazil. Four samplings were undertaken in a legally protected native area (107.8ha) and in a reforested area (11.8ha) between April 2007 and March 2008. Samplings began at nightfall and lasted six hours, during two consecutive nights in each location. The individuals were captured using eight mist nets, with the same capture effort in both environments. A total of 397 individuals, 14 species and 10 genera were captured in the native area; while in the reforested area, 105 individuals, six species and four genera. Artibeus lituratus was the most common species in both fragments (n=328, 65.3%), followed by Artibeus fimbriatus (n=44, 8.8%) and Artibeus jamaicensis (n=30, 6.0%). Other species including Platyrrhinus lineatus, Carollia perspicillata, Sturnira lilium, Chrotopterus auritus, Desmodus rotundus, Michronycteris megalotis, Phyllostomus hastatus, Phyllostomus discolor, Myoti levis, Myotis nigricans and Lasiurus blossevillii, accounted for 19.9% of the captures. The native area presented higher values of species richness (S=14) and diversity (H'=1.4802) in comparison to the reforested area (S=6, H'=0.57015). The t-test evidenced a significant difference between diversity among the sites (t=7.1075). Chao 1 index indicated that the sampling effort recorded approximately 78% from the total species richness for the native area and 75% for the reforested area. Therefore, the preservation of the forest fragment is essential since it provides habitat for a diverse community of bats. Forest management and reforestation actions may prevent drastic changes in the microclimate of neighboring areas within the forest fragment, and could allow the occupation of available niches in the area, by opportunistic and generalist species. Rev. Biol. Trop. 58 (4): 1311-1322. Epub 2010 December 01.
Several forests have been reduced to small remnants isolated from the others (Pires et al. 2006) . The loss of habitat is one of the most common causes of species extinction (Hero & Ridgway 2006) , and may cause the extinction of some species with restricted distributions and impair other mammal species to maintain genetically viable populations within forest fragments (Marini-Filho & Martins 2000 , Pires et al. 2006 .
Human activities represent a threat to habitats and species. This situation can be observed in the Northern region of Paraná State, where the agriculture and cattle-breeding are highly intensive due to the fertile soil. Approximately 2 to 4% of this region represents primary forest, which occurs in small remnant fragments of stational semidecidual forest. These fragments constitute islands of forest surrounded by areas of intensive agriculture and grazing (Torezan 2002 , Reis et al. 2006a .
Some of the forest remnants in the region of Londrina County (Northern region of the Paraná State), such as the Mata dos Godoy State Park (680ha) and Arthur Thomas Municipal Park (85.47ha), have been transformed into preservation areas. Other cities from the Paraná State also present protected areas, such as Irati Floresta Nacional (3.5ha) in the cities of Fernandes Pinheiro and Teixeira Soares, and the State Park Mata São Francisco, with 832.57ha, in the cities of Cornélio Procópio and Santa Mariana. Private areas have also been transformed into preservation areas, such as the Klabin Biological Reserve Forest (11.196ha) in the city of Telêmaco Borba (Reis et al. 2000) . However, most forest remnants are unprotected even though they are the last biodiversity repositories in the region.
Within the context of the destruction and reduction of the forests, the original habitat can be limited to the center of the remnant, or it may totally disappear in small remnants. The micro-environment of the forest edge is different from that found in the interior of the fragment, in function of the increase in the temperature, penetration of sun radiation, decrease in humidity and direct exposure to winds (Murcia 1995) . These effects can modify the diversity and abundance of the fauna, which occurs more quickly in small fragments than in larger ones (Cosson et al. 1999) .
Restoration of ecosystems, such as reforestation, allows the beginning or the continuity of the succession process (Cusack & Montagnini 2004) . When the existence of a minimal forest structure is assured, the colonization by new species and the development of the succession depends on the process of seed dispersal from neighboring sources, especially by biotic agents, such as birds and bats (Holl et al. 2000) . Nevertheless, the occurrence of seed dispersal animals in restoration sites depends on the vegetation structure and resources availability (Cavalheiro et al. 2002) .
According to Hutson et al. (2001) , the deforestation process, caused by agriculture, cattle-breeding and mining is the largest threat to the bats in Neotropical region. Vegetal diversity, size of forest remnants and quality of the area are important for the distribution and abundance of bats (Reis et al. 2000) .
Bats provide an interesting opportunity for studies due to their great diversity, wide distribution and flight capacity, being able to move between forest fragments and explore habitats in a complex way (Marini-Filho & Martins 2000) , beyond being good indicators of environmental quality (Medellín et al. 2000) . In addition, they are extremely important for forest maintenance due to their roles in seed dispersal and the effects on the consequent regeneration of degraded environments (Miretzki 2003 , Bianconi et al. 2006 .
About 25% of known mammals species in Brazil are bats, comprising 167 described species, with 60 species reported for Paraná State (Peracchi et al. 2006 , Reis et al. 2008 . According to Reis et al. (2008) , 27 species of Phyllostomidae, 15 species of Vespertilionidae, 15 species of Molossidae, 2 species of Noctilionidae and 1 species of Emballonuridae were reported in the State. A recent report added Nyctinomops aurispinosus Peale, 1848, increasing the total to 61 species (Bianconi et al. 2008) .
Data about the effects of habitat fragmentation on bat fauna diversity and community structure in Brazil are scarce, both in micro and macro-regional level (Pedro 1998) . Researches focusing the patterns of relative abundance in continuous forests and in human-modified areas compound the first step to understand the potential of the conservation of fragmented landscapes and their dynamics (Schulze et al. 2000) .
Studies reporting the species richness and fauna of chiropterans in forest fragments were undertaken in the Paraná State by Reis & Muller (1995) , Reis et al. (1998 Reis et al. ( , 1999 Reis et al. ( , 2000 Reis et al. ( , 2003 Reis et al. ( , 2006a and Filho & Reis (2009) .
In this way, the present study analyzed the species richness and abundance of bat species, captured using mist nets at ground level, during one year, in a forest fragment and in a neighboring reforested area in Rancho Alegre County, Paraná State, Brazil. (Torezan 2002 ). The area is surrounded by cultivation of corn, soy and wheat. A selective timber extraction occurred about twenty years ago despite the fact that it is a legal reserve area of the Fazenda Congonhas. Eutrophic red latisol (eutrophic nitosoil) is predominant (Torezan 2002 Bats were captured with eight mist nets: 20m (1), 12m (2), 10m (4) and 8m (1) in length by 2.5m of height, totaling 230m² of net per night. The capture effort was the same in each area, totaling 2.76.10 3 h/m² (Straube & Bianconi 2002) .
MATERIALS AND METHODS

Study
The capture technique was based on Greenhall & Paradiso (1968) , with some modifications. Nets were set in the interior of the sampling stations, between 0.5-2.5m above the ground and inspected every 15 minutes (Magnini & Nicola 2006) . The samplings were not carried out during the nights with intense rainfall (Esbérard 2007) .
After the capture, the measure of the forearm was taken to assist the species identification, according to literature. Two specimens of each species were euthanized and fixed in formaldehyde 10%; afterwards, they were preserved in alcohol 70% for later confirmation. All other bats were released. Collected animals were deposited in the Zoological Museum of the State University of Londrina (MZUEL).
Data analysis was performed employing the following indices: absolute species richness (S); relative abundance of species (A) and Shannon-Wiener diversity (H') (Magurran 1988), using the PAST software version 1.12 (Hammer et al. 2001) . We used a t-test to evaluate the statistical significance of differences between the sampling sites.
A species accumulation curve (collector curve) was built to visualize the accumulation of different collected species, in proportion to the sampling effort (Santos 2006) . This type of graphical analysis illustrates the accumulation of different collected species in relation to the increase in sampling effort. According to Santos (2006) , these curves represent a suitable procedure to evaluate how much an inventory approaches to the capture of the totality of the species in the studied location.
Chao I Index was also applied to estimate expected species richness in both environments using SPADE Software (Species Prediction and Diversity Estimation) (Chao & Shen 2003) . The estimate of richness from Chao I Index is equal to the observed richness, added to the square of the number of species (represented by only one individual in the samples "singletons", divided by the double of the number of species with only two individuals "doubletons" (Santos 2006) .
RESULTS
In total, we captured 502 bats, representing 14 different species, 10 genera and 2 families (Phyllostomidae and Vespertilionidae). All 14 species were captured in the native area and only 6 in the reforested one. We captured 397 and 105 individuals in the native and in the reforested areas, respectively (Table 1) .
Phyllostomidae family was the most dominant representing 99% from the captures. Vespertilionidae represented only 1% of all bats captured. Individuals from four Phyllostomidae sub-families were collected, with The Shannon-Wiener Index revealed a significantly greater diversity in the native area (H'=1.4802) than in the reforested one (H'=0.57015) (t-test=7.1075, p<0.05). Chao 1 index indicated that the number of estimated species (within the methodology used), with 95% reliability, amounted to 18 species for the native area (SE=2.6, CI=14.1-29.1). This result suggests that our sampling effort recorded approximately 78% of the total species richness. On the other hand, Chao I estimated 8 species for the reforested area (SE=3.7, CI=6.2-28.1), indicating that the sampling in this habitat reported 75% of total richness.
A higher species accumulation in the first samplings occurred during April, May and June 2007. Nine species, representing 64.3% of total captures in the forest remnant, were reported during this period in the native area. Approximately 71% from the total number of species had been reported by the end of the first study period (September). The number increased to 14 species during the following months (Fig. 1) .
Sampling in the first three months in the reforested area represented 66.7% of total captures in this environment. During the first half of the study period (April to September 2007) 83.4% of species were captured and the number of species remained constant until December. A species was added at the end of sampling, with a total of six species found in the reforested area (Fig. 1) . 
DISCUSSION
The Phyllostomidae family was dominant regarding the number of individuals and species in the present study. This can be explained by the fact that 90 (53.89%) from the total of 167 species found in Brazil belong to this family (Wilson & Reeder 2005) . This is corroborated by the fact that the 27 Phyllostomidae species found in the Paraná State represent the half of all bat species in the State (61 species), according to Reis et al. (2008) and Bianconi et al. (2008) . Moreover, the family dominance may be related to the method used: nets assembled at 0.5 and 3m above the ground, i.e., at the height of most fruit trees that compound the food resource for these animals (Sipinski & Reis 1995 , Pedro 1998 . In general, Phyllostomids are frugivorous and do not present a great ability to detect nets (Sekiama 2003) .
Species of insectivorous families, such as the Molossids, are not frequently captured in nets at ground level since they typically forage for food above the canopy (Sekiama 2003) . They are commonly observed above the canopy and have previously been captured in regions next to the analyzed area (Reis et al. 2002 , 2006a , Miretzki 2003 . Individuals from the Vespertilionidae family frequently use echolocation system to feed. They can easily detect nets (Handley 1967 ) and this may explain the low number of captures of these bats in the present study.
In areas of primary forest, a higher number of species was found in other studies (Reis et al. 2000 (Reis et al. , 2006a . Consequently the diversity values (Shannon-Wiener index) from the present study were also inferior to those observed in other surveys carried out in forest fragments from Paraná State; for instance the study made by Reis et al. (2000) that found H'=1.66 in the lower Tibagi area (Fazenda Doralice). However, the value found in the native area is similar to that found in a previous study performed in the middle Tibagi area (Klabin Biological Reserve), where the diversity was H'=1.58. Our results evidence the occurrence of a single dominant species. According to Odum (1988) , a relatively low percentage is dominant within the total number of species in a community -represented by several specimens-and a high percentage is "rare" (scarcely sampled), with few specimens. This pattern is characteristic of the tropics with defined rainy and dry seasons.
A greater variety of resources and, consequently, a higher number of niches are available to be exploited in areas with upper plant heterogeneity, as in native areas (Pianka 1982 , Townsend et al. 2006 . Samplings were undertaken in a pre-existing trail bordered by secondary vegetation (including Piperaceae and Myrtaceae). This vegetation tends to attract frugivorous bats (A. lituratus, A. fimbriatus, A. jamaicensis, C. perspicillata, S. lilium, P. lineatus) which spread seeds and thus contribute for the succession of these communities (Van Der Pijl 1957 , Galindo-González et al. 2000 , Muscarella & Fleming 2007 . This fact can also explain the greater number of frugivorous recorded in this site.
Less than the half of the species captured in the native area (14) was found in the reforested area (6), and these species were the most common (presented greater relative abundance). This result may be associated to the habitat age (only five years) and size (ten times smaller than the area of native forest). Moreover, it is a very narrow fragment, influenced by edge effects, such as an increase in temperature, solar radiation and direct exposure to winds (Murcia 1995) . The area presents a lower number of niches and less variety of habitats, being a more homogeneous environment. In fact, it is composed of vegetation characterized by the initial stages of succession, with a lower availability of resources.
Species richness may be associated to the fragment size (Estrada & Coates-Estrada 2001) . According to Ricklefs (1993) , more species occur in larger areas than in smaller ones. This fact may be verified in forest fragments with different sizes in the northern region of Paraná State. For example Mata dos Godoy State Park (680ha), in Londrina County, presents 42 bat species (Reis et al. 2008) . On the other hand, only 14 species were found in Fazenda Congonhas (107.8ha). Plant diversity and area quality, besides forest size, are important factors influencing the distribution and abundance of organisms (Reis et al. 2000) . A small area with better quality resources may be a better habitat for a greater number of species than a larger area and may influence significantly the species richness (Tamsitt 1967 , Zimmerman & Bierregaard 1986 . Besides that, in the Northern region of Paraná State, larger forest fragments are also those with the greatest availability of food resource and shelter (Reis et al. 2003 ) accordingly these environments support a greater richness of bat species.
The dominance of A. lituratus in both environments may be explained by its higher ability to survive in modified environments than the other species. A comparable rate of captures of A. lituratus has also been reported in other studies in the Northern region of the Paraná State (Reis & Muller 1995 , Sekiama 2003 , Zanon & Reis 2007 .
The presence of C. perspicillata, S. lilium and P. lineatus in disturbed areas may be related to the capacity to exploit several vegetal strata, taking advantage from the diverse opportunities in environments highly impacted by human activity (Estrada & Coates-Estrada 2002) . Some authors state that these species are indicative of disturbed areas (Medellín et al. 2000 , Reis et al. 2003 . According to Aguiar (1994) , the abundance of C. perspicillata may decrease in degraded habitats since it is closely related to food preferences (mainly Piperaceae, followed by Solanaceae and Moraceae, respectively) (Uieda & Vasconcellos-Neto 1985 , Muller & Reis 1992 , Mello et al. 2004 . This may explain the absence of C. perspicillata and S. lilium in the reforested area where there is no occurrence of vegetation from the Piperacea family, the main food resource for Carollia and Solanacea family, main resource for Sturnira (Lima & Reis 2004 , Mello 2007 .
The capture of the hematophagous Desmodus rotundus may be explained by the presence of cattle-breeding farms close to the study area. This species uses the forests as shelter and stepping stones for the pastureland where they find its food resource (Estrada & Coates-Estrada 2002) . The low percentage reported may be the effect of frequent campaigns of rabies prevention undertaken for the population control of hematophagous bats (Bredt et al. 1996) , even though these have not occurred in the area.
The occurrence of C. auritus is more related with the food availability (Lazo 2004) . The low percentage is due to the carnivorous diet, since this species is a top predator in the food chain. Furthermore, these predators are large animals feeding on large preys, therefore they need an extensive territory to exploit and survive. Micronycteris megalotis is considered a more sensitive species, only found in well preserved areas (Medellín et al. 2000) , being restricted to the continuous forests or less disturbed areas (Fenton et al. 1992 , Reis & Muller 1995 , Cosson et al. 1999 , Schulze et al. 2000 , Stoner & Lobo 2002 , Gorresen & Willig 2004 . This pattern may be found mainly in the Phyllostominae sub-family, which is more sensitive to environmental degradation and may be an indicator of degraded areas (Fenton et al. 1992 , Medellín et al. 2000 , Falcão et al. 2003 . The omnivorous species P. hastatus and P. discolor (1%), with a varied diet, are also found in highly altered environments (Nogueira et al. 2007) .
A higher number of bats were registered during the dry season (April to September), although other studies verified greater abundance of frugivorous (including A. lituratus and A. fimbriatus) during the rainy season (Pedro & Taddei 2002 , Falcão et al. 2003 , Aguiar & Marinho-Filho 2004 ). Several individuals were observed feeding on the fruits of Ficus sp during the dry season. Due to its intraspecific asynchronic pattern of fructification with fruits ( Figs. 1 and 2 ) that are produced throughout the whole year (Pereira et al. 2007) , the Ficus native area may have provided food to the bats during the period with low availability of food, resulting in more captures of individuals during the dry period. According to Terborgh (1986) , some vegetal species are "key resources" for frugivorous animals. Esbérard (2007) points that the capture efficiency decreases gradually when the samplings are undertaken during non-consecutive nights (intervals of approximately 29 days), without any change in net positions. Fact possibly associated to the learning of the bats (Simmons & Voss 1998) , which memorize the nets positions and avoid flying where they had been assembled or use frequently the echolocation, being able to deviate from the nets and fly to other areas.
The total number of species was higher in the spring -October to December- (Fig. 2) influenced by an increase in food resources (Fleming et al. 1972) , including fruits and insects. In fact, insectivorous bats (Myotis levis, Myotis nigricans and Lasiurus blossevillii) were found only during this period. Pedro et al. (2001) observed that, in the case of insectivorous bats, there is a direct relationship between the number of species and the size of the forest fragment. This fact may explain the capture of these species only in the native area.
According to Townsend et al. (2006) , the most frequent captured species may be found in the first samplings and the non-frequent ones, which may also be rarer, are added to the list according to the increase in the number of samplings. In the context of capture effort, Chao 1 Index pointed out that there may be 18 species in the native area and 8 species in the reforested one, with greater number of samplings and periods.
Native areas provide habitat for a more diverse community of bats by furnishing a greater variety of habitats. Meanwhile, the reforestation is essential since it decreases the edge effects and prevents radical changes in the micro-climate within the neighboring areas of the fragment. The species without such protection may be more susceptible to predators (Reis et al. 2006b ). Reforestation, as a continuity of the forest remnant, benefits opportunist and generalist species in their occupation of new available niches surrounding the forest. It also decreases the loss of shelter contributing for the survival of bat species, and to a possible increase of the area for these species, as well as an increase of the population; therefore reducing the possible endocrossing in these areas.
The strategies for bat conservation should consider that these animals exploit a set of food sources (fruits, insects, small vertebrates, etc.) and roosting structures for protection (crevices in rocks, cracks in trees and even under leaves). Besides preserving specific environments, it is also necessary to preserve other types of habitats used as food resources or as flight routes to avoid possible predators. Furthermore, the reforestation around native areas is essential since they play the role of matrix environment which sustains some species found in the original primary forest. Conservation and implementation of management plans in forest remnants is highly important to lessen the deleterious effects caused by the destruction and modification of natural environments.
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RESUMEN
Por lo general, los entornos naturales se han transformado en pequeños remanentes de bosque, con la consecuente pérdida de hábitat y la extinción de especies. El Norte del Estado de Paraná no es una excepción, ya que sólo 2 a 4% del ecosistema original se presenta en pequeños fragmentos de bosque estacional semideciduo. En este estudio observamos la riqueza de especies y abundancia de murciélagos en dos fragmentos de bosque de Fazenda Congonhas, en Rancho Alegre, de Paraná, Brasil. Se realizaron cuatro muestreos en cada área, una nativa legalmente protegida (107.8ha) y una reforestada (11.8ha) entre abril 2007 y marzo 2008. Al caer la noche en cada sitio se colocaron ocho redes de niebla por seis horas durante dos noches consecutivas. Se capturaron 397 individuos, 14 especies y 10 géneros en la zona nativa y 105 individuos, seis especies y cuatro géneros en la reforestada. Artibeus lituratus fue la especie más común en ambos fragmentos (n=328, 65.3%), seguido por Artibeus fimbriatus (n=44,
8.8%) y Artibeus jamaicensis (n=30, 6.0%). Otras especies incluyendo Platyrrhinus lineatus, Carollia perspicillata, Sturnira lilium, Chrotopterus auritus, Desmodus rotundus, Michronycteris megalotis, Phyllostomus hastatus, Phyllostomus discolor, Myoti levis, Myotis nigricans and
Lasiurus blossevillii, constituyeron el 19.9% de las capturas. El área nativa presentó mayores valores de riqueza de especies (S=14) y diversidad (H'=1.4802) en comparación con la reforestada (S=6, H'=0.57015). El t-test evidenció una diferencia significativa en la diversidad de los sitios (t=7.1075). El índice Chao 1 indicó que el esfuerzo de muestreo registró el 78% de la riqueza total de especies en la zona nativa y 75% en la reforestada. Por lo tanto, la preservación del fragmento de bosque es esencial, ya que proporciona un hábitat para una diversa comunidad de murciélagos. Las acciones de manejo forestal y la reforestación pueden evitar cambios drásticos en el microclima de las áreas vecinas al fragmento de bosque y podría permitir la ocupación de nichos disponibles en la zona, por especies generalistas y oportunistas.
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